ABSTRACT -The objective of this paper was to analyze financial management practices in dairy production systems. More specifically, we sought to identify which milk producers adopt financial management practices. We conducted 55 semistructured questionnaires in the Western Region of Paraná. The data were processed through descriptive and multivariate statistical analysis. The analysis of hierarchical clusters defined, based on variables related to financial management practices, two distinct groups. The first group included milk producers who do not adopt financial management practices (N = 49) and the second group described the milk producers who do adopt these practices (N = 6). We then used Common Factor Analysis, along with structural, technical, productive, and socioeconomic variables to define the three factors that best explained the variance between the clusters: factor 1 -structural; factor 2 -social; factor 3 -informational. Smaller dairy production systems, with lower production, managed by younger producers, and employing younger workers, are those adopting financial management practices. Therefore, the scarcity of resources is not a limiting factor in the adoption of financial management practices.
Introduction
Despite the economic and social importance of Brazilian milk production, the dairy industry still faces obstacles, including management deficiencies and lack of planning in rural properties (FBB and IICA, 2010) . The efficiency, competitiveness, and sustainability of rural enterprises rest on their management capacity (Seymour and Barr, 2014) . Despite their importance, financial management tools are not widely used in the Brazilian agricultural sector (Nantes and Scarpelli, 2007; MAPA, 2011) . In 2015, a project conducted by the Ministério da Agricultura, Pecuária e Abastecimento (MAPA) to improve the competitiveness of the Brazilian dairy sector, highlighted the importance of rural property management as a development axis for the five main producing states (MAPA, 2011; Abreu, 2015) .
The state of Paraná is the third largest milk producer in Brazil. It produced 4.53 billion liters of milk in 2014, or 13% of the national production. Considering the importance of dairy farming for family employment and income, the state sees actions for management improvement as a priority (EMATER, 2014) .
Despite the importance of economic management in dairy production systems (DPS) (Oliveira et al., 2007; McDonald et al., 2013) , previous studies have underlined difficulties and management failures in Brazil and around the world (Godinho et al., 2013; Kajananthan and Achchuthan, 2013; Cyrne et al., 2015a; Cyrne et al., 2015b) . Animal-performance indicators are frequently prioritized for DPS monitoring and performance evaluation (Sousa et al., 2011; Lopes Junior et al., 2012; Ruberto et al., 2013) . However, the usefulness of these indicators rests on their systematic assessment along with other indicators (Godinho and Carvalho, 2009 ). The complexity of DPS is due to several variables such as production, technology, infrastructure, market, and management. Their performance relies on the combination of these elements (FBB and IICA, 2010) and their complexity is reinforced due to differences in DPS across Paraná (IPARDES, 2009; Bodenmüller Filho et al., 2010 The objective of this study was to analyze financial management practices in dairy production systems. More specifically, we sought to identify the characteristics of the milk producers who adopt financial management practices. The classification of these attributes may support public and private incentive actions and training opportunities for the improvement of financial management techniques in DPS, as well as guidelines for rural extension.
Material and Methods
From September 2013 to April 2014, we applied semi-structured questionnaires to 55 DPS in the Western Region of Paraná. This area is the largest milk producer of Paraná, generating 1.09 billion liters in 2014 (IBGE, 2015) . To define the DPS for this study, we used random selection. We collected structural, productive, and technical information, in addition to DPS management and socioeconomic variables from their managers, the farmers (Table 1) Yabe et al., 2015) .
The variables were arranged and statistically analyzed using the software SPSS (Statistical Package for Social Sciences, version 18). First, we used descriptive statistical analysis to characterize the DPS and their managers by including technical, structural, and productive variables. Next, we performed hierarchical cluster analysis.
Hierarchical cluster analysis is a technique of interdependency, used to group elements or variables presenting high similarities and high differences from the others. This analysis results in the formation of clusters with internal elements strongly similar but with highly diverse elements in other groups (Fávero et al., 2009) . Homogeneity among elements follows parameters set by the researcher and according to a distance measure. For the present research, we adopted the Euclidean distance (Fávero et al., 2009; Hair et al., 2009) .
For the cluster analysis, it was assumed that the financial management of farms is associated with different techniques and tools (Colleta et al., 2013) . We therefore considered three variables on financial management practices: use of specific software for financial management, establishment of cash flow for dairy farming, and use of other tools for financial management. The cluster analysis led to the creation of two groups. We then performed a proportions test (P test) on the defining variables of the clusters to verify differences in the adoption of practices for financial management to a 5% significance level.
In the second part of our analysis, we conducted Common Factor Analysis (CFA) (Hostiou et al., 2006; Carrillo et al., 2011) .
Common Factor Analysis is a multivariate technique used to combine a large set of interrelated variables into a smaller number of factors. A factor objectively represents the different variables compounding it. Each factor is formed by variables presenting high correlation among them and low correlation with variables forming other factors (Fávero et al., 2009; Hair et al., 2009) . Factor analysis states the following assumptions:
Common factors (F k ) are independent and equally distributed, with mean 0 and variance 1 (k = 1, …, m); 1-Errors (ε i ) are independent and equally distributed, with mean 0 and variance ψi (i = 1, ..., p); 2-F k and ε i are independent. Factors are estimated through the combination of linear variables, as in equation 1:
in which F m = common factors, d mi = coefficient of factor scores, and X i = original variables.
Factor analysis model is presented in equation 2:
in which µ p = mean vector, a ij = loading, X i = variable, F m = common factor, and ε i = error.
Considering the standardization of X (mean 0 and standard deviation 1), Factor Analysis model can be generically presented as in equation 3:
For Common Factor Analysis, we used 23 productive, structural, technical, and socioeconomic variables of DPS and their managers.
The extraction method of the principal component analysis used the Varimax rotation type, Kaiser Meyer Olkin standardization (to select the number of factors, we employed the Kaiser criterion, which retains the variables with eigenvalues above 1.0 (Fávero et al., 2009; Hair et al., 2009) and Bartlett sphericity test (Barroso and Arts, 2003; Hair et al., 2009) . To determine the number of factors to be retained in the analysis, we used the criteria of a minimum accumulated variance of 60% and eigenvalues higher than 1.0 for each factor (Fávero et al., 2009; Hair et al., 2009) .
Eigenvalues represent how much each factor explains total variance. Once variables are standardized, with mean 0 and variance 1, the selection of factors with eigenvalues higher than 1 indicates that the factor explains the variance of at least one variable in the model. Thus, only factors presenting eigenvalues higher than 1 are significant (P<0.05) (Fávero et al., 2009) .
The selection of variables compounding each factor is considered the factor loading. Variables presenting low or medium factor loading were suppressed from the analysis (Hair et al., 2009) .
Consistent with these criteria, 11 variables remained in the CFA.
The DPS were plotted on two-dimensional graphs using the factor scores and the classification of DPS in each of the groups defined by the clustering analysis. Common Factor Analysis generates factor scores, which can be treated as variables, which describe how much an individual would score in a factor (Yong and Pearce, 2013) .
Using this procedure, we analyzed the distribution of DPS belonging to the different groups, considering structural, productive, technical, and socioeconomic characteristics.
The combined use of factor and cluster analysis has been widely used in animal production systems for several purposes, including the evaluation of regionalization, production dynamics, and typology of production systems (Escobar and Berdegué, 1990; Bernués et al., 2003; Delgado et al., 2003; Llanillo et al., 2006; Barnes and Toma, 2012; Mattos and Santana, 2014; Rivas et al., 2015) .
Results
For the 55 DPS analyzed, the age of producers ranged from 20-71 years, with a mean of 43.6 years. The respondents had been working in agriculture for 33.4 years on average. Furthermore, they had been associated with the dairy sector for 3-40 years and, on average, had worked for 17 years in this sector. This information agrees with previous studies (IPARDES, 2009; Brito et al., 2015) and highlights the heterogeneity of producers in Paraná, with experience in the area and consequent accumulation of knowledge, which may favor the adoption of financial management practices.
The area of the properties ranged from 2-211 ha, or 34.3 ha on average, which means that most of them are characterized as small farms. The definition of a small property is that it has up to four fiscal modules, which corresponds to 72 ha in the studied area (IAP, 2014) . The pasture area for milk production varied from 1-60 ha, with a mean value of 6.49 ha. The total number of dairy cattle in each DPS ranged from 3-200, averaging 80 head/DPS. The volume of milk ranged from 40-1900 L/day in each DPS, or 678 L/day/DPS on average. These data indicate technical and productive heterogeneity in the DPS, which is in agreement with the findings of Bodenmüller Filho et al. (2010) . Cluster analysis created two groups based on the three variables related to the adoption of financial management practices: group 1 consisted of 89.1% of the DPS (49 producers) and group 2 was formed by six DPS, which was 10.9% of the total. Our data show that group 1 is composed of DPS with low use of financial management practices while group 2 gathers DPS with intensive financial management practices (Table 2 ). At the 5% significance level, the groups differed statistically for the three variables related to financial management practices ( Table 2) .
The entirety of DPS in the second group uses specific software for financial management, whereas none of the DPS in the first group did so (Table 2 ). In addition to using software for financial control, farmers could use it to complete financial transactions. Among the respondents, 54.5% do not perform cash flow and cash flow is less common in group 1 than in group 2 (Table 2 ). This result corroborates other findings on the limited use of cash flow by rural producers (Cyrne et al., 2015a; Cyrne et al. 2015b; Lisboa et al., 2015) .
Finally, 65.5% of the analyzed farmers do not use any other tool for financial management such as spreadsheets or manual techniques for cost management. Within group 1, 26.5% of the producers adopted one of these methods, while all producers in group 2 did so ( Table 2) .
For the second part of our study, we used CFA, which resulted in a Kaiser Meyer Olkin value of 0.687 and a Bartlett test score of 0.000, indicating the relevance of the chosen variables to the method employed. The results indicate that the three factors explain 72.28% of the total variance among the 55 DPS (Table 3) , satisfying the minimum criteria established for this analysis (Hair et al., 2009) . Factor 1 (F1) is the main factor when creating a difference among the DPS analyzed.
Factor 1, named as the "structural factor", consisted of variables related to the structure of the DPS, such as "total area", "forage area for milk production", "milk volume produced", "total number of cattle", and "number of lactating cows" (Table 4 ). This factor can influence the production success and the financial results of each DPS. Therefore, F1 is an indication of reinvestment capacity, production adjustment, possibility of training for financial management, among others (Lourenzani and Silva, 2009; Godinho et al., 2013) .
Factor 2 (F2) consisted of variables related to the social characteristics of the farmer, including "age of farmer", "time spent in farming activity", "time spent in dairy farming", and "age of farm workers" (Table 4) . Thus, this factor was designated as the "social factor" and can be used as an indicator of the relationship between age and accumulated experience and financial management practices.
Factor 3 (F3), referred to as the "informational factor", was defined by the following variables: "knows the cost of concentrate" and "knows the costs of medications" (Table 4 ). This factor indicates the degree of knowledge of the producer about the costs of important inputs to dairy farming. We recognized that the knowledge of production costs was an essential step for proper financial management. It is important to emphasize that feeding costs can represent up to two-thirds of the operating expenses of DPS (Lopes et al., 2010) .
The DPS were plotted using the factor scores and the grouping formed by the cluster analysis, allowing the visualization of productive, technical, structural, social, and informational characteristics in each group (Figures 1  and 2) .
The DPS in group 1 are very heterogeneous in their structural and social factors (Figure 1 ). This means that a lack of adoption of financial management practices is present in producers of different sizes and production volumes and also of different ages and experience. This heterogeneity was expected, since it is a characteristic of dairy farming in general and the majority of the producers interviewed were in group 1. The DPS in group 2, those practicing financial management, are less heterogeneous. Most of these DPS are situated in the third quadrant, indicating that they are composed of producers with lower scores for structural and social characteristics (Figure 1 ).
For F3, the "informational factor", the DPS in groups 1 and 2 are very heterogeneous and most of the producers do not know the costs of important inputs to milk production ( Figure 2) ; these results are consistent with those presented by Mazzioni et al. (2007) . Within group 1, some producers who do not adopt financial management practices have knowledge of input costs. Conversely, some producers conduct financial management (group 1), but do not know the input costs (Figure 2 ). This may indicate that, despite using techniques and tools for financial management, these DPS still have management weaknesses.
Discussion
Overall, the use of financial management in the analyzed DPS is scarce and more than half (51%) of group 1 producers do not use any financial management practice. This finding supports the results of previous investigations indicating low rates of financial management practice in agricultural activity (Viana and Rinaldi, 2010; Almeida et al., 2011; Sousa et al., 2011; Godinho et al., 2013; Lisboa et al., 2015) . This deficiency may compromise the maintenance of DPS in the medium and long term (Nachiluk and Oliveira, 2012; Gonçalves et al., 2014) , especially because the lack of financial management may influence the family succession.
Previous studies have indicated that even with internet and computer access, the use of software for management of rural properties is not observed (Barcelos et al., 2014; Deponti, 2014) . Indeed, it seems that the minimal use of software for management is not necessarily due to a lack of access to Information and Communication Technology. Marion and Segatti (2006) and Barcelos et al. (2014) point out the need for developing appropriate management systems that fit the necessities and particularities of farmers and the absence of such systems may be a cause of their low implementation among the surveyed farmers.
The use of other techniques and tools for financial management by group 2 producers may indicate that the specific software for financial management of the agricultural sector is not adequate, which aligns with previous research (Buainain et al., 2005; Barcelos et al., 2014; Deponti, 2014 Table 3 -Total variance explained F1, the "structural factor", consists of variables related to the structure of the dairy production systems; F2, the "social factor", consists of variables related to the social characteristics of the farmer; F3, the "informational factor", indicates the degree of knowledge of the producer about the costs of important inputs to dairy farming. Table 4 -Factor loading Group 1 consists of 89.1% of dairy production systems (49 producers); Group 2 is formed by six dairy production systems, or 10.9% of the total; F1, the "structural factor", consists of variables related to the structure of the dairy production systems; F2, the "social factor", consists of variables related to the social characteristics of the farmer.
Figure 1 -Dairy production systems in groups 1 and 2 compared to factor 1 (F1) and factor 2 (F2).
Group 1 consists of 89.1% of dairy production systems (49 producers); Group 2 is formed by six dairy production systems, or 10.9% of the total; F1, the "structural factor", consists of variables related to the structure of the dairy production systems; F3, the "informational factor", indicates the degree of knowledge of the producer about the costs of important inputs to dairy farming. the reduced use of financial management techniques in rural enterprises, including a lack of training and technical assistance, access barriers, and cultural aspects (Buainain et al., 2005; Mazzioni et al., 2007; Lourenzani and Silva, 2009; Almeida et al., 2011) . Producers who use financial management techniques are those with a smaller area for production, fewer animals, and lower production volume. Even though Godinho et al. (2013) observed that the adoption of planning techniques and management of dairy farming is associated with the largest production scale, since major producers have more resources available for that purpose, our research shows that small-scale producers are more dedicated to financial management. These producers may have a greater need to conduct DPS financial management, as small-scale production offers them lower margins for management inefficiencies. Indeed, producers with reduced availability of resources do not have a wide margin for losses and may require a more refined financial management, given that minor flaws in investments and returns can bring substantial consequences for the business. Additionally, the economic dependence on dairy farming has a tendency to be higher for small producers.
Group 2 is also characterized by younger farmers with less cumulative experience in agriculture and dairy farming. This finding supports the results of other studies: younger producers are more engaged in the financial management of rural enterprises, especially when it involves the use of software and information technology tools (Colleta et al., 2013) . Younger producers tend to absorb new management practices easily, which, in many cases, depends on the use of software and tools that do not match with older models of production system management.
Despite their experience, older farmers may present path dependence and impose barriers to technological and productive changes (Buainain et al., 2005) , which is intensified by inherent conservative profile and cultural aspects of the farmers (Mazzioni et al., 2007; Almeida et al., 2011) . Such barriers are even more important in dynamic environments and markets, where production conditions, technology, and demand frequently change, such as in the Brazilian dairy system.
Results also indicate that even when producers record the costs in their spreadsheets and financial management software, they do not necessarily make proper use of the information. This result may imply that managers of DPS in group 2 are registering input costs but not effectively using this information for decision making, which was also observed by Cyrne et al. (2015a) . Despite adding input costs to the financial management system, milk producers seem to care more about the output information of the system, such as return and profit. Failing to use input information demonstrates a higher concern with monitoring the financial performance of the DPS than in making improvement decisions.
Our findings show that smaller DPS with lower production, managed by younger producers, and employing younger workers, are those that strongly adopt financial management practices. However, not all producers who use financial management know the costs of inputs, indicating failures throughout this economic control.
The adoption of financial management practices has been heavily associated with the need for management of scarce resources instead of considering the high availability of resources for this purpose. Those that use financial management are younger farmers who have been working in the dairy industry for a shorter period; so, they are not as embedded in older models of management as the farmers with more experience.
Conclusions
In general, dairy production system managers do not adopt financial management practices in Paraná. Only a small group, comprising smaller dairy production systems with lower production, managed by young producers, and employing younger labor, apply financial management practices. The lack of resources does not seem to be a limiting factor; instead, it may encourage small dairy production systems, with fewer resources, to improve management practices. Considering the importance of financial management in rural sector, the low adoption of financial management practices in dairy activity may indicate complications for economic sustainability of dairy production systems in the long run. Public and private policies may direct the development of more suitable tools, techniques, and software, as well as encourage farmers to adopt these tools. This may enable better management at the farm level and promote gains in performance and competitiveness for dairy sector in Paraná.
